ABSTRACT
INTRODUCTION
Spatial visualization and animation of images in the form of a film represents computer techniques which are commonly applied to present numerical calculation results. This was made possible as a result of increasing computing power of PCs and universal window environment dedicated to graphic applications ensured by operating systems. Fast development of the technology has been stimulated first of all by the market of entertainment and games. Examples of highly sophisticated techniques used in cartoon films for home cinema can be found in [12] . In this context it is a natural trend of professional users to see results of their work not in the form of numbers but in a graphic form of imagination appealing pictures.
Theoretical background for solutions in the field of mechanics is contained in [8] . An example of simulation of human body motions are given in [9] . The application of simulation of crane operation in building industry is presented in [1] . In [10] a similar technique is shown for simulating interaction of many devices present at construction site. The visualization found its application also in robotics and CNC (Computerized Numerical Control). There are many programs which allow to carry out simulations of robot or machine tool operation in advance of their implementation to industrial tasks. Such approach makes it possible to avoid errors which may cause expensive failures of machines or destruction of valuable materials. An example of open source program applicable to simulation of robot operation is described in [15] . A broader analysis of programs available in this domain is given in [3] . Commercial programs examples for instance K-Roset program for Kawasaki robots or Italian universal program Eureka by Roboris can be found in [11] and [6] . Visualizations of results of operation of an algorithm for automatic routing the pipelines in three-dimensional space are presented in [14] . Above mentioned cases exemplifies design applications.
Making use of computer visualization becomes especially important when complex mathematical multi-parameter models are analyzed because description of their state contains yet greater number of data. The finite element method (FEM) as well as boundary element method (BEM) can be distinguished as an excellent example of such problems. Today nobody can imagine to work with a FEM solver without using a pre-and post-processor. Functional assumptions for such visualizing programs are presented in [2] . Many commercial programs are in use today for this purpose. The application concerning visualization of ship hull strength calculations [13] 
KINEMATIC MODEL AND RESULTS

OF CALCULATIONS
This work concerns a particular issue which is visualization of lowering a lifeboat along ship's side. The kinematic model of the process includes the following objects:
• lifeboat, • fender bar installed on boat's side, • lines on which the lifeboat is hung, • mechanism for lowering the lifeboat, • boat hook which allows to set the lifeboat free after its launching, • boat davits from which the lifeboat is lowered, • ship's side along which the lifeboat is lowered, • water waving surface onto which the lifeboat falls. Each of the above specified objects was described by an appropriate set of parameters defining its features. A comprehensive description and results of operation of RESBO program which performs numerical simulation of behavior of the system composed of the so defined objects are given in [4] . A mathematical model of kinematics of the entire system can be found there too. The program produces numerical data which represent, in given time intervals, the state of the system characterized by forces and moments acting on the objects, as well as their velocities and locations. Description of the system's states as a function of time is recorded by the program in disk text files. Hence, to assess results of simulation produced by RESBO program it is necessary to analyze numerical data in the files. At first the results have been analyzed by presenting them on diagrams. Unfortunately, when it was necessary to analyze results of more difficult cases or their larger number, as e.g. in [5] , difficulties in interpretation and correlation of relevant diagrams occurred. It was especially troublesome to check in which direction the lifeboat is rotated, having only numerical values of co-ordinates of its center of gravity and co-ordinates of the three versors of local reference frame.
Contemporarily there are available ready-to-use programs for kinematic simulation and spatial visualization, such as e.g. ADAMS discussed in [16] . However the author did not decide to apply any of them to the case in question. The reason was that it was impossible to simulate interaction between the lifeboat and water surface (slamming) and behavior of the lifeboat floating in waves.
ASSUMPTIONS FOR VISUALIZATION PROGRAM
To make analysis of calculation results obtained from RESBO program easier it was decided to prepare a new program called VRBS which makes it possible to visualize spacial location of objects taking part in simulation. 
SPATIAL MODEL AND METHODS OF VISUALIZATION
The computational model of the scene consists of the objects specified in section "Kinematic model and results of calculations". Since not all of them are necessary for visualization, graphic representations were prepared only for:
• lifeboat, • ship's side and davits by which the lifeboat is lowered, • waving water surface onto which the lifeboat falls.
Each of the above mentioned objects is graphically represented as a 3D surface. Shape is assumed to be mapped by a quadrangular mesh. Since the spatial model will be imported from a CAD program and in order not to lose solution generality it was assumed that quadrangular mesh will be presented as NURBS surface of the first degree, described in [17] . In such case control points of the surface are the same as mesh vertices. This approach makes it possible to import from a CAD program not only mesh but also smooth surfaces. VRBS program uses the OpenGL library [18] to achieve professional effects of 3D object's visualization. Such approach let the author to focus on the details of the scene and motion but not on issues of geometrical transformations, projection and rendering. An exemplary image of a ready 3D scene consisting of objects subjected to motion simulation is presented in Fig. 1 .
Fig. 1. Image of scene shown in axonometric parallel projection: a) edge transparent, b) edge one with hidden invisible lines, c) colur filled, d) shaded
MOTION AND TIME RELATIONS
Because the surfaces are assumed to be the NURBS surfaces the visualization program is to operate in the space of homogenous co-ordinates. If 3D space is taken into account in which the system under simulation is considered, then every point of the space is represented by four co-ordinates. The fourth co-ordinate is interpreted to be a weight. In kinematic system, objects have six degrees of freedom. These are three translations and three rotations with respect to each axis of co-ordinate frame. Superposition of appropriate translations and rotations makes it possible to obtain an arbitrary location of the simulated objects. The translation matrix used in geometrical transformations looks always similarly. It is represented by the expression (1). As numerical results obtained from RESBO program do not contain the rotation angles α β χ , , but only directions of versors of objects' local co-ordinate frame the rotation matrix is described by the expression (3) acc. [7] . Therefore the translation of the object from its original location in the point O and orientation consistent with current reference frame to a new point Q and new orientation Vx, Vy, Vz, is described by the following matrix M, acc. to the formula (4).
where:
Initial location of all points Pi belonging to scene objects is known. Hence, if at any instance of time t a new location of the origin of object's co-ordinate frame, i.e. the point Q(t), and its versors Vx(t), Vy(t), Vz(t) are known, then by using the matrix M acc. (4) one is able to find a new location of any point of the scene at this instance of time.
Numerical results from RESBO program contain subsequent states of the system in given time intervals. If a motion visualizing program has to make it possible to show the motion with its real velocity it must adjust time of displaying subsequent states to real time. The problem consists in that recalculation of new locations of scene points and displaying them on screen does not for sure last precisely as long as the time step used during numerical simulations. In the case when displaying a new scene lasts shorter than time step during numerical calculations, the program waits appropriately long before it starts to display the next scene. When scene displaying lasts longer than the time step there is no other possibility except to omit some of calculated system's states and to display the one which is consistent with capability of the visualization program. However it may cause the effect of lack of motion smoothness as a result of neglecting the intermediate states. 
SIMULATION RESULTS
SUMMARY
The VRBS program has been created and it enables visualization of selected scenes and motion of lifeboat being lowered along ship's side. Tests on a few selected results of numerical calculations produced by RESBO program have been done. As the program allows to control motion of visualized objects in time it is possible to directly compare the motion with the film recorded during experiment in real conditions. Synchronizing the visualization of simulation and the recorded film, one is able to compare motion trajectories of objects and analyze differences in mutual location of the objects taking part in the entire process. Therefore it can be stated that the visualizing program VRBS makes possible:
• to analyze various scenarios of lowering lifeboat without incurring cost of real experiments, • to easily identify dangerous moments during lowering process -impacts against ship's side, capsize of lifeboat, • to check visually what has happened just before a dangerous situation and to verify motion parameters (acceleration, velocity, distance). The information obtained this way is a very important element of analysis of considered case. It allows to interpret the data more comprehensively and faster than in the case of using numerical quantities only. Having at one's disposal both the program for numerical calculations (RESBO) and that for visualization of their results (VRBS), one is able to perform simulations which may be helpful in finding optimum scenarios for lifeboat lowering process and avoiding situations which may be hazardous to life and health of evacuated persons.
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